In this section we give a Maple program which follows the derivation presented in Section r-state symmetric model. In particular, the code evaluates the expression on the right-hand side of Equation 16. At the end it compares the derived expression with the conjectured one and demonstrates their equivalence. pm := B*(1-exp(-d/B)): r := 1/(1-B): Pr_Quartet := proc (i, j, k, l, m) global r, pm:
In this section we give a Maple program which follows the derivation presented in Section r-state symmetric model. In particular, the code evaluates the expression on the right-hand side of Equation 16 . At the end it compares the derived expression with the conjectured one and demonstrates their equivalence. 'if'(i = 0, 1-subs(d = ei, pm), subs(d = ei, pm)/(r-1)) * 'if'(k = 0, 1-subs(d = ek, pm), subs(d = ek, pm)/(r-1)) * 'if'(m = 0, 1-subs(d = em, pm), subs(d = em, pm)/(r-1)) * 'if'(j = 0, 1-subs(d = ej, pm), subs(d = ej, pm)/(r-1)) * 'if'(l = 0, 1-subs(d = el, pm), subs(d = el, pm)/(r-1))/r end: f0 := r*(r-1): f1 := r*(r-1)^2: # \ ei ej / f2 := r*(r-1)*(r-2): # \ em / f3 := r*(r-1)^2*(r-2):
# o------------o f4 := r*(r-1)*(r-2)^2: # / \ f5 := r*(r-1)^2*(r-2)^2: # / ek el \ f6 := r*(r-1)*((r-2)^2+r-1): f7 := r*(r-1)*((r-2)^2+r-1)*(r-2): f8 := r*(r-1)*((r-2)^2+r-1)^2: 
S.2 Maple code for weighted least squares on a quartet
The method of weighted least squares for phylogenetic tree reconstruction from pairwise distance data was first proposed by Cavalli-Sforza and Edwards [1] , and Fitch and Margoliash [2] . The goal is to find an unrooted tree T (topology and branch lengths) that minimizes
where t ij is the path length on T between leafs i and j, d ij the corresponding input distance and v ij its variance. Sometimes the variances are not known and, therefore, modeled as a function of the distance estimates. For instance, Fitch and Margoliash assumed that the variances are proportional to the squared distances. When nothing is known about the errors, or if they are assumed to be independently distributed and equal for all observed distances, then all the variances are set to one. This leads to the ordinary least squares method. The minimization of S is a non-trivial problem. It involves searching the discrete space of unrooted binary tree topologies whose size is exponential in the number of leaves n. The minimization for a given topology is a linear least squares problem formulated by the normal equations. Their algebraic solution involves the computation of a pseudo-inverse. However, elegant combinatorial formulas have been derived for certain variance-structures [3] .
In Section Topological relation and path length we consider quartet trees. In this case there are only three topological relations so that the enumeration of the tree space is not a problem. We will derive closed form solutions for the direct computation of S and the corresponding optimal branch lengths. The approach implemented in the following Maple script is to take the derivatives of S with respect to the branch lengths {e i } 5 i=1 , equate each of the derivatives to zero, solve the resulting system of equations, and substitute the optimized branch lengths {ê i } 5 i=1 in S: 
